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A METHOD OF EXECUTING A LEAK CONTROL SYSTEM, AND A LEAK 
CONTROL SYSTEM FOR PERFORMING THE METHOD 

Prior art 

5 

The Invention relates to a method of executing a leak control system com- 
prising at least one stop valve with an associated flow meter anranged in 
the supply pipe of the pipe installation, and at least one stop valve anranged 
in the return pipe of the pipe installation, said stop valves and associated 
10 flow meters being connected to a control box. 

Leak control systems have been commercially available for a number of 
years In connection with the Indication of leakage in two-stringed systems. 
An example of this is known from US 4 883 087. An essential feature of 

15 leak contrb! systems is that they may not cause problems of comfort or 
doubt with the customer. It is important in particular that the leak control . 
systems do not set off leak alarms that are caused by other (harmless) cir- 
cumstances than leakages proper. Other circumstances may be elasticity in 
the protected pipe installation in the fomi of entrapped air and/or expansion 

20 sleeves, or it may be expansion tanks and differential pressure regulators 
which, in cooperation with fluctuations in the operating and/or differential 
pressure of the supply and abrupt fluctuations in the heating requirement, 
may cause transients and/or oscillations in the supply or return flow of the 
pipe installation, which can some times assume a size and an extent suffi- 

25 cient to make the leak control system respond to his. 

For the reasons mentioned above, the sensitivity setting of the leak control 
systems thus reflect a compromise between the wish for limited escape at a 
leakage (high sensitivity) and the wish for high reliability and credibility (low 
30 sensitivity) of the alarm. 



wo 2004/113963 



2 



PCT/DK20(M/000414 



Leakage in pipe installations Is normally the exception rather than the rule 
and thus means that, normally, an installed leak control system, after com- 
missioning, does not daim the user's attention. 

5 However, in the leak control system known from US 4 883 087 it is not pos- 
sible to distinguish between leakage proper and valve defects and air in the 
pipe installation without simultaneously Increasing comfort and/or reliability 
problems. 

10 Object of the invention 

The object of the invention is to provide an improved and more sensitive 
method and a leak control system, where a number of measurements and 
data collections are carried out, which are subsequently analyzed to define 
15 the exact state of the valves as well as of the installation more precisely. 

This object is achieved by a method of executing a leak control system of 
the type defined in the introductory portion of claim 1, wherein the control 
box additionally comprises 

20 

at least one valve monitor connected to each stop valve to con- 
trol/record the possible state of the individual stop valve: open or 
closed, and 

25 - an executer which is started by the control logics of the control box in 
consideration of the operating conditions of the pipe installation, and 
which performs a given sequence of actions during which it con- 
trols/monitors the valve monitors, 

30 which leak control . system, on the basis of start and execution of the se- 
quence of actions, perfonms a number of measurements and data collec- 
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tlons on the basis of which it subsequently evaluates the functionality of the 
stop valves and/or the elasticity and/or the tightness of the pipe installation. 

Even quite small flows in the installation may be recorded by means of this 
5 method, just as control of the function, closing ability, of the valves may 
take place currently. * 

To ensure that the flow which may be recorded by the method in the supply 
string will not affect measurements in the return string, it is expedient, as 
10 stated in claim 2, that the stop valve in the supply string is controllable. It is 
important for the stop valve in the return string that the flow does not return 
and thereby affects flow measurements in the supply string, and the stop 
valve may thus be selected to be controllable, a mechanical non-retum 
valve, or a combination, 

15 

Expedient embodiments of the method are defined in claims 3-7. 

By constructing the leak control system as stated in claim 8, the system 
may distinguish between valve defects and leakage in the pipe installation 

20 when starting and executing the given sequence of actions by the executes 
Individual blocking of the stop valve in the supply string of the installation, 
and optionally in the return string, for a specified period, enables detection 
of leakages of an unprecedented small size under favourable conditions. 
The favourable conditions comprise absence of elasticity in the pipe instal- 

25 lation in particular. 

By additionally introducing an analysis apparatus in the leak control system, 
as stated in claim 9, a so-called time track may be recorded in order to de- 
tect flow fluctuations in the pipe installation. On the basis of the flow flue- 
30 tuation over a given period, or the absence of the same, the precise state of 
the pipe installation may be evaluated. 
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10 



Expedient exemplary embodiments of the leak control system are defined 
in claim 10. 

Dravyino 

Exemplary embodiments of the Invention will be described more fully below 
with reference to the drawing, in which 

fig. 1 shows the essential components of a leak control system, 

figs. 2-3 show a measurement principle to indicate valve defects, 

fig. 4 shows a period of time during which the leak control system 
is in a normal state, and the executor may be started, 

figs. 5-10 show the stages of the executer in connection with a valve 
test, and 



figs. 11-16 show the stages of the executer in connectfon with a tight- 
20 ness control, elasticity and valve test. 



15 



Description of exemplarv embodiments 



Fig, 1 shows the essential components of a leak control system 1 in pipe 
25 installations according to the invention. The leak control system 1 com- 
prises a stop valve 2 and a pulse generating flow meter 3 in the supply pipe 
4 of the pipe installation, and likewise a stop valve 5 and a pulse generating 
flow meter 6 in the return pipe 7 of the pipe installation. The flow meter 3 is 
ananged in series with the stop valve 2, 5 in the supply pipe 4 as well as 
30 the retum pipe 7 of the pipe installation. As indicated by the name, the 
function of the flow meters is to measure a flow, in this case through each 
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of the respective stop valves 2, 5. 

The stop valve 2 in the supply pipe 4 of the pipe installation Is a controllable 
valve, e.g. a motor valve, while the stop valve 5 in the return pipe 7 of the 
5 pipe installation may be a controllable valve, a mechanical non-retum valve 
1 0 or a combination thereof. 

The pulse generating flow meters 3, 6 are preferably remotely recordable 
from a control box 8 comprising two valve monitors 9, one connected to 
10 each stop valve 2, 5. The control box 8 is capable of monitoring the func- 
tionality of the stop valves via the valve monitors 9. 

In addition, the control box 8 comprises an executor (not shown) which 
controls/monitors the valve monitors 9 during a given sequence of actions 

15 in combination with the control logics of the control box and the operating 
conditions of the pipe installation. This establishes a form of adjustable 
state machine which may select one out of a finite number of possible se- 
quences in view of the physical conditions measured and recorded en 
route. On the basis of the start and the execution of the sequence of ac- 

20 tions, the leak control system 1 may perfomi a number of measurements 
and data collections to evaluate the functionality of the stop valves 2, 6 
and/or the elasticity and/or the tightness of the pipe iristallation. 

The executer thus controls the chain of events that make it possible to dis- 
25 tinguish between actual defects in the stop valves 2, 5 and leakage in the 
pipe installation as well as the need for venting in the pipe installation, 
thereby providing a finer sensitivity setting without simultaneously increas- 
ing comfort and/or reliability problems. The executer may thus decide the 
details of the execution for the leak control system 1 in combination with the 
30 control box 8. 
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The executer is started when the leak control system 1 Is in a normal state, 
that is within a specific period of time where the load of the pipe installation 
is expected to 1)6 minimum, if the recorded flow through the slop valves 2, 5 
gets below a certain limit which may be adjustable. This is illustrated in fig. 
5 4. If this condition cannot be satisfied on a given day, the executioi nray be 
postponed 24 hours< The control box 8 sets an upper limit, which may op- 
tionally be adjustable for the number of days the execution may be post- 
poned, following which it will forcibly start the execution no matter whether 
the flow is higher than the limit. 

10 

The executer starts by perfomiing either a valve control alone where the 
functionality of the stop valves 2, 5 is tested, or a valve control and/or the 
elasticity and/or tightness of the pipe installation. The start used depends 
on the setting by the control box 8 of the actual calendar month which is 

15 reported by the real time clock of the control box and/or an extemal signal 
which is applied to a control input (not shown in the drawing). The purpose 
of this arrangement is to make it possible to restrict the time which the pipe 
installation has to be shut-off during the cold season so that the execution 
does not cause damage to e.g. calorifiers mounted on the roof in case of 

20 high wind and low outside temperature. 

If the above-mentioned risks are of minor importance, it is possible to start 
the executer such that several or all of the stated controls may be per- 
formed. The executer thus depends on the risks that might be present at 
25 the start. 

By perfonning monitoring/control of the stop valves 2, 5 alone, it is ensured 
that possible dirtying of one or both of the stop valves 2, 7, which prevents 
this/these from closing tightly, is detected at the time of the control, rather 
30 than at the time of a possible leakage where a valve defect is extremely 
inexpedient 
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The fiirvctionaiity becomes operative whenever the stop valves 2, 5 are 
known to be dosed, i.e. after the transit time, I.e. after the time where a 
stop command is applied and the stop valve has actually closed. In this 
state, the stop valve 2, 5 is thus expected to close tightly. Whether the stop 
5 valve 2. 5 is leaky and thereby defective, is tested in each branch, and in 
the situation where the stop valve 5 in the return pipe 7 of the pipe installa- 
tion is not controllable, the test is canled out during the execution of a given 
sequence of actions by the executer In that 

10 - the executer applies a close command for ttie stop valve 2 In the 
supply pipe 4 of the pipe installation and awaits the expiry of the 
transit time of the stop valve (see fig. 7), 

the executer keeps the stop valve 5 in the return pipe 7 of the pipe 
"15 installation closed for an adjustable period of time during which the 

valve monitor 9 for the stop valve 5 is active (see fig. 8), 

the executer removes the close command for the stop valve 2 in the 
supply pipe 4 of the pipe installation and deactivates itself (see fig. 
20 9), following which the leak control system 1 assumes a nomial 

monitoring state where a flow may be recorded in the supply pipe 4 
of the pipe installation as well as its retum pipe 7 (see fig. 10). 



25 



In the case where the stop valve 5 in the retum pipe 7 of the pipe installa- 
tion is controllable, the test is initiated in that: 



the executer applies a close command for the stop valve 5 in the 
retum pipe 7 and awaits the expiry of the transit time of the stop 
valve (see figure 5), following which the executer keeps the stop 
30 vglve 6 in the return pipe 7 of the pipe installation closed for an ad- 

justable period of time during which the valve monitor 9 for the stop 
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valve 5 is active (see fig. 6). 

It will appear from the foregoing tliat if a close command lias been applied 
and a flow is recorded through the flow meter 3, 6 after the expiry of the 
5 transit time, the stop valve 2, 5 is defective, and the control box 8 applies a 
system error alann and shuts off the system. This measurement principle is 
illustrated in fig. 3. 

Correspondingly, the stop valve 2, 5 will be in order if no flow through the 
10 flow meter 3, 6 after the expiry of the transit time can be re- 
corded/measured. This measurement principle is shown in fig. 2. Whether a 
stop valve 2. 5 is defective, may thus be detected in connection with any 
type of system shutoff, manually via control panel, via remote control or 
automatically via the executer or oUier monitors. 

15 

As mentioned before, several controls may be perfomied at a time, if this 
does not involve any noticeable risl<s. For the collected recordings/data 
collections to be evaluated optimally in connection with ttiese controls, the 
control box 8 comprises an analysis apparatus (not shown). This analysis 
20 apparatus allows analysis of the temporal variation of the flow on recorded 
time tracks and on the basis of this an exact analysis of the state of the pipe 
installation. 

The functionality of the stop valves 2, 5 as well as control of the elasticity 
25 and the tightness of the pipe installation during the execution of the given 
sequence of actions is carried out in that: 

the exwuter applies a close command for the stop valve 2 in the 
supply pipe 4 of the pipe installation and awaits the expiry of the 
30 transit time of the stop valve (see fig. 1 3), 
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the executer applies an open commarid for the stop valve 5 in the 
return pipe 7 of the pipe installation and awaits the expiry of an ad- 
justable period of time during which the valve monitor for the stop 
valve in the supply pipe 4 of the pipe installation is active, and at 
5 the same time a time track of the flow in the return pipe 7 of the 

pipe installation is recorded (see fig. 14), 

the executer removes the close command for the stop valve 2 in the 
supply pipe 4 of the pipe installation, activates the analysis appa- 
10 ratus and deactivates itself (see fig. 15), following which the leak 

control system 1 assumes a normal monitoring state (see fig. 16). 

If the stop valve 5 in the retum pipe 7 of the pipe installation is controllable, 
the test is initiated in that: 

15 

the executor applies a close command for the stop valve 5 in the 
retum pipe 7 and awaits the expiry of the transit time of the stop 
valve (see fig. 11), following which the executer keeps the stop 
valve 5 in the return pipe 7 of the pipe installation closed for an ad- 
20 justable period of time, during which the valve monitor 9 for the stop 

valve 5 is active, and at the same time a time track of the flow in the 
supply pipe 4 of the pipe installation is recorded (see fig. 1 2). 

The overall purpose of alternate blocking of the stop valve 2, 5 and flow 
25 recording in opposite pipes 4, 7 is to detect whether the pipe installation is 
tight. In a completely inelastic, including inter alia fully filled, half-blocked 
pipe installation, no flow is expected through the open stop valve until the 
volume of the medium contained in the pipe installation is possibly changed 
because of cooling. 

30 

As mentioned, the analysis apparatus examines the time tracks recorded. 
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and spectral or inflexion analysis, e.g., may be used for this. 

In case of periodic flow fluctuations with low attenuation, the analysis appa- 
ratus cannot detect leakages, and will instead cause the control box 8 to 
5 request the user to vent the pipe installation. 

In case of periodic flow fluctuations with high attenuation, the analysis ap- 
paratus may examine the flow at the end of the time track In order to de- 
termine the tightness of the pipe installation. In the absence of flow fluctua- 
10 tions, the flow in the time track directly reflects the tightness of the pipe in- 
stallation. In these two cases, the analysis apparatus may compare the flow 
with a leakage limit, which is optionally adjustable, and allow the leak con- 
trol system 1 to assume an alanm state when this limit is exceeded. 

15 The method described may also be used in connection with the determina- 
tion of leakage in the primary circuit and the secondary circuit in hot water 
containers, heat exchangers and the like, if there is a difference in operat- 
ing pressure t>etween the primary circuit and the secondary circuit. 
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PATENT CLAIMS 

1 . A method of executing a leak control system (1 ) comprising at least one 
stop valve (2) with an associated flow meter (3) arranged in the supply pipe 

5 (4) of the pipe installation, and at least one stop valve (5) with an associ- 
ated flow meter (6> arranged In the return pipe (7) of the pipe Installation, 
^aid stop valves (2, 5) as well as associated flow meters (3. 6) being con- 
nected to a control box (8), characterized in that the control box comprises 

10 - at least one valve monitor (9) connected to each stop valve (2, 5) to 
c?ontrol/rBCord the possible state of the individual stop valve (2, 5): 
open or closed, and 

an executer which is started by the control logics of the control box in 
consideration of the operating conditions of the pipe installation, and 
which performs a given sequence of actions during which it con- 
trols/monitors the valve monitors (9), 

which leak control system (1). on the basis of start and execution of the se- 
quence of actions, perfonns a number of measurements and data collect 
tions on the basis of which it subsequently evaluates the functionality of ttie 
stop valves (2, 5) and/or the elasticity and/or the tightness of the pipe In- 
stallation. 

2. A method according to claim 1 , characterized in that the functionality of 
the stop valves (2, 5) during the execution of the given sequence of actions 
is determined in that 

the executer applies a close command for the stop valve (2) in the 
supply pipe (4) of the pipe installation and awaits the expiry of the 
transit time of the stop valve. 



15 



30 
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the executor removes the close command for the stop valve (5) in 
the return pipe (7) of the pipe installation and awaits the expiry of the 
transit time of the stop valve, and during this period the valve monitor 
(9) for the stop valve (2) is active, 

the executer removes the dose command for the stop valve (2) in 
the supply pipe (4) of the pipe installation and deactivates itself, fol- 
lowing which the leak control system (1) assumes a nomiai monitor- 
ing state. 

3. A method according to claim 1 , characterized in that the control box (8) 
additionally comprises an analysis apparatus to record and analyze flow 
fluctuations in the pipe installation. 



15 4. A method according to claim 3, characterized in that the functionally of 
the stop valves (2. 5) as well as control of the elasticity and the tightness of 
the pipe installation during the execution of the given sequence of actions 
are detenriined in that: 

20 - the executer applies a close command for the stop valve (2) in the 
supply pipe (4) of the pipe installation and awaits the expiry of the 
transit time of the stop valve, 

the executer applies an open command for the stop valve (5) in the 
25 return pipe (7) of the pipe installation and awaits the expiry of an 

adjustable period of time during which the valve monitor (9) for the 
stop valve (2) in the supply pipe (4) of the pipe installation is active, 
and at the same time a time track of the flow in the retum pipe (7) of 
the pipe installation is re<x>rded, 

30 



the executer removes the close command for the stop valve (2) in 
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the supply pipe (4) of the pipe installation, activates the analysis ap- 
paratus and deactivates itself, following which the leak contml sys- 
tem (1) assumes a nomnal monitoring state. 

5 5. A method according to any one of claims 1-4, characterized in that the 
stop valve (5) in the-retum pipe (7) of the pipe installation is controllable. 

6. A method according to claims 2 and 5, characterized In that the execu- 
tion of the sequence of actions to detenmine the functionality of the stop 

1 0 valves (2, 5) is initiated in that: 

the executor applies a close command for the stop valve (5) in the 
retum pipe (7) of the pipe installation and awaits the expiry of the 
transit time of the stop valve during which the valve monitor (9) for 
15 the stop valve (5) in the retum pipe (7) of the pipe installation is ac- 

tive. 

7. A method according to claims 4 and 5, characterized in that^the exe- 
cution of the sequence of actions to detemnine the functionality of the stop 

20 valves (2. 5) and the regular control of the elasticity and the tightness of the 
pipe installation are initiated in that: 

the executer applies a close command for the stop valve (5) in the 
return pipe (7) and awaits the expiry of the transit time of the stop 
25 valve, following which the executer keeps the stop valve (5) in the 

retum pipe (7) of the pipe installation closed for an adjustable period 
of time during which the valve monitor (9) for the stop valve (5) is ac- 
tive, and at the same time a time track of the flow in the supply pipe 
(4) of the pipe installation is recorded. 

30 



8. A leak control system (1 ) in two-stringed pipe installations for performing 
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the method according to daims 1-7, comprising at least one stop valve (2) 
with an associated flow meter (3) anranged in the supply pipe (4) of the pipe 
installation, and at least one stop valve (5) with an associated flow meter 
(6) an-anged in the return pipe (7) of the pipe installation, said stop valves 
5 (2, 5) as well as associated flow meters (3, 6) being connected to a control 
box (8), characterized in that the control box (8) comprises 

at least one valve monitor (9) connected to each stop valve (2, 5) to 
control/record the possible state of the individual stop valve (2, 5): 
10 open or closed, and 

an executer which is started by the control logics of the control box In 
consideration of the operating conditions of the pipe Installation, and 
which performs a given seqijence of actions during which it con- 
15 trols/monitors the valve monitors (9), 

which leakage control system (1 ), on the basis of start and execution of the 
sequence of actions, performs a number of measurements and data collec- 
tions on the basis of which it subsequently evaluates the functionality of the 
20 stop valves (2. 5) and/or the elasticity and/or the tightness of the pipe in- 
stallations. 

9. A leak control system (1) according to claim 8, characterized in that the 
control box (8) additionally comprises an analysis apparatus to record and 

25 analyze flow fluctuations in the pipe installation. 

10. A leak control system (1) according to claim 8, characterized in that 
the stop valve (2) in the supply pipe (4) is a controllable valve, virhile the 
stop valve (5) in the return pipe (7) is a controllable valve, a mechanical 

30 non-return valve (10) or a combination thereof, said stop valves (2, 5) with 
associated flow meters (3, 6) being an^inged In series with the supply pipe 
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(4) and the return pipe (7)» respectively. 
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